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Abstract 
 
Peltier Current Lead (PCL) is a key device which was developed to decrease heat penetration into DC superconducting system. We 
had been developed 100 A-class PCL. This PCL was employed in the demonstration test of DC superconducting transmission 
system in Chubu University (CASER-2) and confirmed operating stably. We have developed prototype of 1 kA-class PCL. In this 
paper, we report the performance of the prototype of 1 kA-class PCL. 
 
© 2013 The Authors. Published by Elsevier B.V. Selection and/or peer-review under responsibility of ISS Program Committee. 
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1. Introduction 
  
In recent years, various superconducting applications are developed for the purpose of saving energy, medical care, 
technical development and so on. To develop the superconducting applications, the reduction of the heat penetration is 
one of the most important integrant. In the applications operated in the ultralow temperature like the liquid helium and 
the liquid hydrogen temperature, high temperature superconducting (HTS) current lead can be mounted and decrease 
the heat penetration effectively. However, due to the restriction of usage environment of the HTS current lead, it can’t 
be mounted on the HTS applications operated in near the liquid nitrogen (LN2) temperature. Peltier Current Lead 
(PCL) consists of Peltier element and two Cu terminals connecting to the ends of Peltier element. PCL decreases the 
conducting heat by low thermal conductivity and pumps up the heat through the down-leads by Peltier effect [1]. 
Therefore, PCL can be mounted on the applications operated in higher temperature than the HTS current lead. 
In the past, 100 A-class PCLs had been prepared in SWCC and employed in the demonstration test of 200 m-class 
superconducting DC transmission system (CASER-2) in Chubu University [2-4]. In CASER-2, we had to mount 23 
rods of 100 A-class PCL in parallel on positive and negative terminal. Demonstration tests were carried out from 2009. 
Through the demonstration tests, the effectiveness and the durability of PCL was confirmed [4-9]. From the view point 
of practical use of DC cable systems, it appears that the transport current higher than several thousands amperes is 
required in most case and when PCL is used therein, the current capacity of PCL is necessary to be much greater than 
100 A in order to avoid complexity of the terminal design. In this paper, we report the experimental results of the 
prototype of the larger current capacity PCL.  
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2. Samples 
 
We prepared some PCL samples with changing the target
of the current capacity. The current capacity was calculated by 
the ratio of the cross sectional area of Peltier element S [7]. The 
overviews of each structure are shown in Fig. 1. The summary of 
prepared samples is shown in Table 1. 
The sample A has a same structure as the part of the Peltier 
element in the PCL employed in CASER-2. The sample B is 
prepared for confirming the contribution of changing S.  
The sample C is a prototype for scaling up the current 
capacity. In this structure, there are “core” and “cap terminal”. 
The core consists of only the Peltier element and two Cu 
terminals. The both ends of the core act as a plug of mating 
connector. The cap terminals, which have the socket of the 
mating connector, are connected both ends of the core. Between 
the plug of the core and the socket of the cap, there is the spring for the purpose of adding the longer direction force to 
the core. It is predicted that the thermal stress of longer direction is absorbed owing to mating connectors and the 
spring. Since there is no supporting member in the core, its structure is very weak. For the purpose of enhancing its 
durability, both cap terminals are connected rigidly using the insulator.  
The sample D has similar structure to the sample C except for the high temperature side (HT) terminal. In this 
sample, the HT terminal was changed from the plug and socket to one Cu block for the purpose of observing the 
contribution of the mating connector to thermal flow. In the structure of using the core and cap, S can become wider 
only due to adding some pieces of cores. If we employ the structure of the sample A in a high current capacity PCL, it 
would be very difficult to connect Cu and Peltier element evenly all around the surface of the joint.  
The sample E prepared by this way has five cores and two cap terminals. Each core is connected in parallel to both 
cap terminals. S of the sample E is five times as that of the sample C due to its number of cores. 
 
Table 1 Summary of prepared samples. 
 
Sample Target current [A] 
Ratio of S of  
Peltier element Remarks 
Sample A 100 1.0  
Sample B 200 2.1 The structure is similar to the sample A. 
Sample B’ 200 2.1 Sample B with the heat sink. 
Sample C 200 2.1 200 A × 1 core. 
Sample D 200 2.1 There is no mating connector in the HT terminal. 
Sample E 1000 10.6 200 A × 5 cores. 
 
3. Experimental results 
 
The experiment was performed like below. First, cool down the 
temperature of a low temperature side (LT) terminal TL about – 85 °C 
(which temperature is near the condition in CASER-2) by LN2. In order 
to stabilize the system, we had kept TL constant for 5 minutes. Current
I was applied to PCL in step of 20 A in the sample A ~ D. Only in the 
sample E, I was applied in step of 100 A. At the each step of applying 
     
Table 2. Experimental results. 
     
Sample Ieff [A] I  [A] Imax [A] 
A 80 > 160 160 
B 100 > 260 260 
B’ 160 300 320 
C 120 > 280 280 
D 120 > 280 280 
E 500 > 1200 > 1200 
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Fig. 7. The current applying property of each 
core (No.1~No.5) in the sample E. 
the current, the system held for 5 minutes. When the temperature of the HT terminal TH exceeded 150 °C, the current 
was stopped immediately to avoid the bad effect to the solder connecting part.  
In this experiment, the predicted behaviours of TH and TL are shown in Fig. 2. It is predicted that TL decreases with 
increasing I, reaching a minimum and increasing for higher I. In this Figure, the current values making TL minimum 
and T maximum were defined Ieff and I  respectively. It is considered that Ieff is the current at which the heat 
penetration becomes a minimum and I  is that at which the conductive heat and the Joule heat exceed the effect of 
pumping heat. The current value at which the test was stopped was defined Imax. It is considered that Ieff should be 
same to the target current owing to the definition of them.  
 
   
 
   
 
The experimental results are shown in Fig. 3 ~ Fig. 6. The 
characteristic values are shown in Table 2. I  of the sample A, B, 
C, D and E exceeded Imax of each sample. Therefore, we prepared 
the sample B’ to apply higher current. In the sample B’, the 
performance of the heat radiation was improved to decrease the TH 
increment. As a result, I  of the sample B’ could be measured and 
it was 300 A. On the other hand, Ieff of the sample A, B, C, D and 
E was 80, 100, 120, 120 and 500 A respectively. In the sample B’, 
Ieff was 160 A and it was higher than that of the sample B.  
In the sample E, the behaviour of each core was almost same 
as shown in Fig. 7.  
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4. Discussion 
 
I  could be measured only in the sample B’. In the sample B’, I  
was enough higher than the target current in Fig. 5 and Table 2. 
Therefore, it was considered that the effect of the pumping heat 
worked effectively in the current of the possible usage. On the other 
hand, Ieff of the sample B was hardly changed compared with the 
sample A. That was to say, Ieff of the sample B was less than the 
target current. The cause of the small value of Ieff was predicted as 
increasing the electrical resistance or increasing the conductive heat. 
Since the measured electrical resistance between the sample A and B 
was inversely proportional to S, it was considered that the electrical 
resistance was hard to be the cause of it.  
In Fig. 5, we can see the contribution of the heat radiation 
performance at the HT terminal to Ieff. In this figure, the sample B’ 
had the same structure as the sample B, except for the heat sink. 
Therefore, the difference of each temperature of both samples was due to this heat sink. The heat sink improved the 
performance of heat radiation at the HT terminal and decreased the increment of TH. It was considered that the 
conductive heat was decreased by the decreasing the increment of TH. Since the conductive heat decreased, it was 
predicted that Ieff of the sample B’ was improved compared with that of the sample B. Ieff may be gotten closer to the 
target current by improving the heat radiation performance or the other effect to decrease increment of TH. 
As noted before, the sample D had the same structure to the sample C, except for the mating connector at the HT 
side. The difference in Fig. 4 was due to the contribution of the mating connector. However, the behaviours of both 
samples were almost same. Due to this result, it was considered that the contribution of the mating connector to the 
thermal flow could be neglected. 
The number of cores and the volume of cap terminals in the sample E were five times as those of the sample C. In 
this sample, it was concerned that the current was branched unfairly due to the dispersion of the connecting resistance 
caused by the connecting condition of mating connector. From the result of the sample E, it was confirmed that the 
behaviour of the temperature on each core was almost same. Additionally, each temperature in the sample E and C 
against I/ S was made as shown in Fig. 8. In this figure, each temperature of the sample E and C shows the same 
behaviour. Therefore, the current capacity of PCL may be controlled by changing the number of cores. 
Due to above discussion, the remained issue is the difference between Ieff and the target current value. It is 
predicted that there are two ways to improve Ieff. The first is increasing the number of core simply. The second is 
decrease the increment of TH at the HT terminal. Since the wider space is demanded to increase the number of core, 
we should try to decrease the increment of TH in the next test production, for developing the compact and high current 
capacity PCL. 
 
5. Summary 
 
We prepared some prototypes of higher current capacity PCL for the purpose of developing 1 kA-class PCL. 
Measuring the performance of these samples, we found some points as shown in below.  
The structure of using “Core” and “Cap” for scaling up the current capacity was employed and the performance of 
the core and cap structure was nearly equal to the structure of previous structure was confirmed. I , which was the 
maximum current of PCL pumping up the heat effectively, was exceeded 1 kA in the sample E. Ieff, at which the heat 
leak through the down-leads was least, didn’t reach 1 kA in the sample E. Ieff may be increased owing to decreasing 
the increment of TH at the HT terminal. 
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